Environmental noise reduces predation rate in an aquatic invertebrate by Villalobos-Jiménez, G et al.
Vol.:(0123456789) 
J Insect Conserv 
DOI 10.1007/s10841-017-0023-y
ORIGINAL PAPER
Environmental noise reduces predation rate in an aquatic 
invertebrate
Giovanna Villalobos‑Jiménez1  · Alison M. Dunn1 · Christopher Hassall1 
Received: 15 March 2017 / Accepted: 3 October 2017 
© The Author(s) 2017. This article is an open access publication
diversity of types of acoustic pollution, and encourage fur-
ther work regarding trophic interactions with insects using 
a functional response approach.
Keywords Acoustic disturbance · Damselfly · Functional 
response · Handling time · Attack rate · Trophic networks
Introduction
Human activities have exerted sub stantial pressures on a 
wide range of ecosystems, from montane regions to the 
deep marine environment. Many such impacts have been 
categorised, evaluated, and quantified in great detail (Sala 
et al. 2000). However, many such studies have focused on 
those threats that are easiest to quantify and study, based 
on broad assessments of community diversity and structure 
with and without the threat, such as habitat fragmentation 
(Fahrig 2003) and climate change (e.g. Chen et al. 2011). 
However, other stressors do not offer such clear records of 
their impacts on the environment.
This is the case of noise pollution. While some research 
into the impacts of noise on animals has achieved a high 
profile, particularly research carried out on cetaceans (Weil-
gart 2007) and in urban birds (Slabbekoorn and Peet 2003), 
research is only just beginning to explore the wider impacts 
on ecosystems. Additionally, at an individual level, anthro-
pogenic noise can have considerable anatomical, physio-
logical, and behavioural impacts (Kight and Swaddle 2011; 
Kunc et al. 2016). For example, exposure to road traffic noise 
reduced foraging and increased vigilance significantly in the 
prairie dog Cynomys ludovicianus (Shannon et al. 2014). 
Even though some species have developed mechanisms to 
cope with noise disturbance (Fuller et al. 2007; Halfwerk 
and Slabbekoorn 2009; Parris et al. 2009), the potential of 
Abstract Noise is one of a wide range of disturbances 
associated with human activities that have been shown to 
have detrimental impacts on a wide range of species, from 
montane regions to the deep marine environment. Noise may 
also have community-level impacts via predator–prey inter-
actions, thus jeopardising the stability of trophic networks. 
However, the impact of noise on freshwater ecosystems is 
largely unknown. Even more so is the case of insects, despite 
their crucial role in trophic networks. Here, we study the 
impact of underwater noise on the predatory functional 
response of damselfly larvae. We compared the feeding 
rates of larvae under anthropogenic noise, natural noise, 
and silent conditions. Our results suggest that underwater 
noise (pooling the effects of anthropogenic noise and natu-
ral noise) decreases the feeding rate of damselflies signifi-
cantly compared to relatively silent conditions. In particu-
lar, natural noise increased the handling time significantly 
compared to the silent treatment, thus reducing the feeding 
rate. Unexpectedly, feeding rates under anthropogenic noise 
were not reduced significantly compared to silent conditions. 
This study suggests that noise per se may not necessarily 
have negative impacts on trophic interactions. Instead, the 
impact of noise on feeding rates may be explained by the 
presence of nonlinearities in acoustic signals, which may be 
more abundant in natural compared to anthropogenic noise. 
We conclude by highlighting the importance of studying a 
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anthropogenic noise to impact the conservation of wildlife 
populations (Slabbekoorn and Ripmeester 2008; Brumm 
2010; Chan and Blumstein 2011; Aguilar de Soto 2016), as 
well as the wellbeing of human populations (WHO 2011), 
is nonetheless concerning.
In aquatic environments, the impact of noise is even 
stronger given the fact that sound waves travel nearly five 
times quicker in water than through air (USA Office of 
Scientific Research Development and National Defense 
Research Committee 1946). In marine ecosystems, acoustic 
masking due to anthropogenic noise can impair the reception 
of information through various “acoustic spaces”, such as 
echolocation, intraspecific communication, predator avoid-
ance and prey detection (Clark et al. 2009). However, little 
is known about the impact of anthropogenic noise on fresh-
water habitats. Freshwater ecosystems account for 0.01% 
of global water and yet support almost 6% of all described 
species (Dudgeon et al. 2006) and provide a wide range of 
ecosystem services (Millennium Ecosystem Assessment 
2005). However, these habitats are also susceptible to vari-
ous sources of noise, most notably boats in canals, lakes, 
and rivers. Only a few studies have investigated the impact 
of noise on freshwater species, e.g. foraging efficiency in 
sticklebacks (Purser and Radford 2011; Voellmy et al. 2014) 
and European eels (Simpson et al. 2015). Such studies show 
the impacts of noise may go beyond single species and have 
community-level effects via trophic interactions. Noise may 
disrupt predatory mechanisms in various ways, either by 
(a) inducing stress (Simpson et al. 2015), (b) masking the 
acoustic cues produced by predators and/or prey, thus com-
plicating detection (Siemers and Schaub 2011), (c) inducing 
attention shifts on the predator (Purser and Radford 2011), 
or (d) by compromising antipredator behaviour in the prey, 
which may in turn increase predation risk (Simpson et al. 
2015). Possible disturbances in predator–prey interactions in 
freshwater ecosystems via anthropogenic noise may lead to 
sudden shifts in predator and/or prey populations and com-
promise the stability of trophic networks. It is essential to 
understand the effects of noise on predator–prey interactions 
in order to implement mitigation programmes for the man-
agement and conservation of species and ecosystems (Chan 
and Blumstein 2011).
However, the impact of noise on insects has been largely 
overlooked (Morley et al. 2014), despite the fact that insects 
are hugely diverse and comprise the vast majority of spe-
cies worldwide (Mora et al. 2011) and thus have a crucial 
role in trophic networks (Schoenly et al. 1991). The impacts 
of underwater noise on aquatic insects are likely to have a 
stronger effect at a community level compared to vertebrates 
in freshwater ecosystems due to the great contribution of 
aquatic invertebrates to a wide range of ecosystem functions 
such as controlling algal populations, shredding leaf litter 
to form fine particulate organic matter (FPOM), promoting 
wood decomposition, and controlling other macroinverte-
brate populations, e.g. mosquitoes (Wallace and Webster 
1996). Moreover, in the case of semi-aquatic insects, the 
potential impacts of noise in freshwater habitats can also 
impact terrestrial ecosystems through cascading trophic 
interactions across ecosystem boundaries (Knight et al. 
2005).
A useful method for predicting the ecological impacts of 
predator–prey interactions is the functional response (Dick 
et al. 2014). The functional response was first described by 
Holling (1959) and is defined as the relationship between 
a predator’s feeding rate and the prey density. This method 
predicts three parameters which dictate the amount of prey 
eaten according to prey density: the attack rate (also called 
searching time or attack coefficient), the handling time, 
and the total time available for predation. The attack rate is 
defined as “the instantaneous rate of discovery”, whereas the 
handling time is referred to as the time taken to process the 
prey, including all stages of the predatory sequence and the 
digestive pause. In other words, the time elapsing from the 
pursuit of one prey to the next (Holling 1959). Functional 
responses can be classified into three types: type I assumes 
a linear increase of number of prey eaten with prey density; 
type II assumes a maximum number of prey eaten as prey 
density increases according to a satiation point, where the 
curves reaches an asymptote; type III is similar to the afore-
mentioned, except the number of prey eaten is low at lower 
prey densities, forming a sigmoid curve (Holling 1959). The 
functional response approach takes into account important 
ecological factors such as prey density, searching time and 
satiation levels, which makes it more realistic compared to 
other methods for estimating the relationship between preda-
tor and prey populations. Most importantly, this approach 
explicitly considers demographic consequences for prey 
populations (Dick et al. 2014). Making predictions about 
outcomes at a population level is key for understanding eco-
logical processing across trophic networks and to address 
conservation issues (Brumm 2010; Morley et al. 2014). 
Hence, using the functional response approach may help 
estimate fluctuations on prey populations of conservation 
interest (e.g. Watari et al. 2013).
This study aims to investigate the impact of natural and 
anthropogenic underwater noise on predator–prey interac-
tions in freshwater ecosystems using a functional response 
approach in damselfly larvae, which are aquatic predatory 
insects. Damselflies (Zygoptera) represent a semi-aquatic 
taxon with an aquatic larval phase and a terrestrial adult 
phase. Larval damselflies are found in lotic and lentic 
habitats feeding on smaller invertebrates such as Daph-
nia (Thompson 1978a) and, at the same time, are prey of 
larger predators (Martins et al. 2010). Damselfly larvae can 
locate prey using their compound eyes and mechanorecep-
tors—such as the tarsal hairs and antennae—to detect the 
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vibrations produced by the prey (Vasserot 1957). Hence, 
noisy environments can potentially interfere with their 
mechanism for prey detection.
Our two hypotheses—which are not mutually exclu-
sive—are: (a) underwater noise causes larvae to take longer 
to detect their prey, therefore decrease the attack rate and the 
total prey consumed; (b) underwater noise increases han-
dling time, thus decreasing the total prey consumed.
Materials and methods
Study species
The model species selected for this study is Ischnura elegans 
(Fig. 1). I. elegans is one of the most common zygopteran 
species in Europe, is found mostly in lentic habitats or very 
slow-moving waters such as canals, and can tolerate high 
levels of eutrophication and salinity, although it cannot 
inhabit acidic sites such as bogs (Dijkstra and Lewington 
2006; Dow 2010). I. elegans is univoltine across most of its 
range, with some evidence of semivoltinism in more north-
erly regions (Thompson 1978b), and can occupy habitats 
with and without fish (McPeek 1998). This species was cho-
sen due to its prevalence in disturbed, urban environments 
where noise may be a stressor (Goertzen and Suhling 2013).
Collection of adults and larvae rearing
To control for phenotypic plasticity, we conducted a com-
mon garden rearing experiment. We obtained I. elegans eggs 
from field-caught adult females from sites in an urban to 
rural gradient (see Table S1 in Supplementary Information) 
during July–August 2015. Once the eggs hatched, the lar-
vae were reared at 20 °C at a photoperiod of 14L:10D with 
aerated tap water and fed with Artemia sp. and Daphnia 
magna ad libitum.
Experimental design
For the functional response experiments, three treatments 
were used: (1) anthropogenic noise, recorded from the die-
sel engine of a narrowboat in the Leeds-Liverpool canal, 
UK (53.794°N, 1.559°W) with an underwater recorder (con-
denser hydrophone connected to a Zoom H1 portable digital 
recorder); (2) natural noise, represented by water flowing on 
a rocky river (track “river-6.wav” downloaded from http://
www.soundjay.com/river-sounds-1.html), and (3) the control 
treatment, conducted in silence. All audio stimuli were nor-
malised and saved in WAV format with 32-bit floating point 
(Fig. 2a, b). Spectral power density was analysed in Audac-
ity 2.1.0 (http://www.audacityteam.org/) using Fast Fourier 
Transform (FFT) with Hann evaluation window, FFT size 
512, averaged from a 20 s sample of each recording (Fig. 2c).
Prior to the experiments, larvae were selected based 
on their head width to standardise size, since larger lar-
vae are known to have higher predation rates (Thomp-
son 1975). Only larvae with head width of 2.5–3.1 mm 
(mean = 2.86 mm ± 0.013 SE) were used in the experiments, 
which were most likely to be on the 11th instar (Thompson 
1975, 1978b). The larvae selected were starved for 48 h to 
empty their gut before the experiment (Thompson 1975).
During the experiments, the larvae were transferred to 
individual meshed cylindrical containers (0.5 mm mesh 
size, 6 cm diameter, 14 cm long) with a wooden stick for 
the larva to perch to reduce stress, inside a 28 L fish tank 
(24 × 39 × 30 cm) covered on all sides in a 5 cm layer of pol-
ystyrene to isolate against noise. The tank was filled with 9 L 
of aged tap water. Two sound transducers (Adin B1BT 10W 
vibration speakers) were laid on two opposite sides of the 
tank to produce the acoustic stimulus synchronously (Fig. 3). 
Sound transducers produce vibration alongside playing the 
tracks to recreate the effect of boat passage. Even though the 
transducers were located outside the tank, which may limit 
considerably the particle motion produced by sound waves, 
the vibrations produced by the transducers are transferred to 
the tank walls and, subsequently, the water, thus facilitating 
to a certain extent the particle motion alongside the pressure 
waves. Larvae were fed with Daphnia (the prey model). Size 
of Daphnia was also controlled: only Daphnia that were able 
to pass through a 1.4 mm Endecotts Test Sieve, but not a 
1 mm mesh sieve were used in the experiments.
Different densities of Daphnia were placed inside the 
meshed containers alongside the larvae. Prey densities were 
5, 10, 15, 20, 30, 40, and 50 individual Daphnia. Sample 
sizes per prey density in each treatment ranged from 4 to 7 
due to the death of some experimental animals (see Table S2 
in Supplementary Information). Each larva was only used Fig. 1  Larva of Ischnura elegans in instar 12
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once, so animals represent individual, independent replicates. 
Considering the transducers were located on the sides of the 
tank, the strength of the stimuli varied spatially within the 
tank according to the distance from the transducers, so the 
position of the larvae inside the experimental setup can have 
an influence on the perception of noise and the resulting pre-
dation response. In order to avoid any bias in the analysis 
due to this issue, the position of each larvae and prey density 
Fig. 2  Properties of the audio 
cues used in the functional 
response experiment. a Segment 
of 5 s of the audio cue used in 
the anthropogenic treatment, 
recorded from the diesel engine 
of a narrowboat; b segment of 
the audio cue used in the natural 
treatment, represented by a 
rocky river, also 5 s; c segment 
of the sound levels in the Leeds-
Liverpool Canal with no boats 
passing by, also 5 s; d power 
spectral density of the original 
audio cues used in the anthro-
pogenic and natural treatments, 
the re-recordings of the original 
audio cues in the fish tank used 
as part of the experimental 
setup, the sound levels of the 
canal with no boats, and the 
recording of the sound levels in 
the silent (control) treatment
Fig. 3  Downward view of the 
experimental setup for estimat-
ing the functional response of 
Ischnura elegans. The cross 
indicates where the microphone 
was placed to do the recordings 
in the tank
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replicate was randomised prior to running the experiments. 
Each experiment was left running for 24 h in an incubator 
at 20 °C in the dark. Using the incubator also ensured that 
the temperature was constant, which is a crucial driver of the 
functional response of odonates (Thompson 1978b), and even 
though the incubator might have produced additional noise, 
this noise was consistent across all experiments. The experi-
ment was left in the dark for two reasons: (a) to ensure that 
prey were not detected visually, but merely by the vibrations 
produced by the prey, (b) to avoid photic effects in the water 
that may cause behavioural changes in Daphnia (Thompson 
1975). The acoustic stimuli were looped over the 24 h, except 
in the control treatment where there was no sound produced. 
The sound transducers were left in place during the control 
treatment. After the 24 h-period, the larvae were removed and 
the Daphnia counted. To account for the fact that damselfly 
larvae engage in “wasteful killing” (Johnson et al. 1975) or 
also called “partial consumption” (Paterson et al. 2015), the 
Daphnia that had more than 50% of their bodies missing were 
considered as “eaten”, whilst the ones that had less than 50% 
missing were recorded as a result of “wasteful killing”.
Statistical analysis
We performed two separate analyses: first, we tested the 
differences in the attack rates and the handling times with 
and without acoustic stimuli by pooling the data from the 
anthropogenic noise and natural noise treatments and com-
pared the coefficients against the control (silence) treatment. 
In the second analysis, we compared the attack rates and the 
handling times of each treatment explicitly, that is, anthropo-
genic noise, natural noise, and control (silence) treatments. 
The statistical analysis was performed using the frair pack-
age (Pritchard 2014) in R 3.0.2 (R Core Team 2013). The 
functional response of I. elegans larvae has been previously 
described as type II (Thompson 1975, 1978b). Given that 
the prey were not replaced during the experiment, the attack 
rates and handling times were calculated using Rogers’ type 
II formula (Rogers 1972): 
where Na number of prey eaten, N0 prey density, T total time 
prey are exposed to predation, a attack rate, and h handling 
time.
However, the frair package utilises maximum likelihood 
estimation within the bbmle package (Bolker and R Devel-
opment Core Team 2014) and a modified version of Eq. (1) 
with Lambert’s W function (Bolker 2008) to make the equa-
tion solvable: 














The fitted curves were bootstrapped to visualise vari-
ability (n = 999), and both the attack rate and handling time 
were compared between treatments using indicator variables 
(Juliano 2001) using the function “frair_compare” in the 
frair package. The “indicator variable” approach only allows 
pairwise comparisons between groups (Juliano 2001), but 
this approach has been widely used in functional response 
studies (e.g. Paterson et al. 2015; Taylor and Dunn 2016).
To ensure that all individuals considered had a stable 
feeding rate, we conducted an a posteriori analysis by identi-
fying and eliminating potential outliers. In order to do so, the 
residuals were obtained from the fitted functional response 
curve. All residuals that were below the first quantile—1.5 
interquartile range (IQR) or above the third quantile + IQR 
were excluded, leading to the exclusion of three data points. 
Once all potential outliers were removed, the attack rates 
and handling times were recalculated using the same proce-
dure previously described and the functional response curves 
were refitted.
Results
As described by Thompson (1975, 1978b), the functional 
response of I. elegans in all treatments was type II (Fig. 4). 
In the first analysis, we compared the control (silence) treat-
ment against the pooled noise treatments to evaluate the 
effect of noise per se on feeding. The functional response 
of I. elegans had a lower maximum feeding rate with noise 
(1/hT = 10.6 prey·day−1; Fig. 4a) compared to the feeding 
rate in silent conditions (1/hT = 16.7 prey·day−1; Fig. 4a). 
Specifically, the handling time increased significantly with 
noise (Table 1, Fig. 5a), whereas the difference in the attack 
rates with noise and no noise was not significant (Table 1; 
Fig. 5a). These results support our hypothesis that underwa-
ter noise decreases the feeding rate of I. elegans, particularly 
by increasing the handling time.
In the second analysis, we compared the control (silence) 
treatment to each of the two different types of acoustic stim-
uli (anthropogenic and natural). The outcomes differed when 
the functional responses of I. elegans were analysed under 
different types of noise. The maximum feeding rate of I. 
elegans in the anthropogenic noise treatment was lower than 
the maximum feeding rate in the control treatment (anthro-
pogenic noise: 1/hT = 12.0 prey·day−1; control: 1/hT = 16.7 
prey·day−1), but neither the attack rate nor the handling time 
in the anthropogenic noise treatment were significantly dif-
ferent from the control treatment (Table 1, Fig. 5b). Unex-
pectedly, the natural noise treatment showed the lowest 
feeding rate of all treatments (1/hT = 9.4 prey·day−1). In par-
ticular, the handling time in the natural noise treatment was 
significantly higher than the control and the anthropogenic 
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noise treatment (Table 1, Fig. 5b). The attack rates were not 
significantly different among treatments (Table 1, Fig. 5b).
Discussion
The results from this study suggest that, in general, the 
presence of acoustic stimuli decreased the number of prey 
eaten compared to silent conditions even at high prey den-
sities. The results also suggest that the attack rate did not 
change with underwater noise, but instead the handling time 
increased, thus decreasing the feeding rate of the larvae in 
the presence of noise. The finding supports our general 
hypothesis that noise interferes with feeding behaviour. 
However, we found that natural and anthropogenic noise had 
different outcomes: natural noise decreased the number of 
prey eaten by the larvae significantly, while anthropogenic 
noise had no significant effect. These results suggest that I. 
elegans larvae do not take longer to detect or process their 
prey with anthropogenic noise, which therefore does not 
decrease the amount of prey eaten compared to silent condi-
tions. However, the number of prey eaten under natural noise 
is significantly less than in silent conditions. Specifically, 
we found increased handling time with natural noise, which 
suggests that the larvae take longer to catch and/or process 
their prey compared to silent conditions. No difference in 
attack rate was found in any of the treatments.
The fact that anthropogenic noise does not affect the 
attack rate or handling time suggests that either the I. ele-
gans larvae and/or the Daphnia—predator and prey in this 
study—can tolerate anthropogenic noise. This is the first 
evidence of aquatic macroinvertebrates being tolerant to 
anthropogenic noise. However, it is not possible to ascertain 
the drivers of this response from the data obtained in this 
study; more research is needed to discover the mechanism 
driving this tolerance to anthropogenic noise. Paradoxically, 
the acoustic stimuli used in the natural noise treatment had 
a negative impact on the functional response of the larvae; 
Fig. 4  Fitted functional response curves from all the experiments 
obtained from the frair package (Pritchard 2014), comparing a the 
control treatment (silence) against noise (grouping anthropogenic 
and natural noise treatments), and b the control treatment against the 
anthropogenic and natural noise treatments. Shaded areas represent 
95% confidence intervals
Table 1  Comparison between 
functional response parameter 
estimates for I. elegans among 
the treatments used
D represents the difference between the attack rates (Da) and handling times (Dh) among treatments. Sig-
nificant values are highlighted in bold
Treatment 1 Treatment 2 D Estimate SE z P
Noise Control (silence) Da − 0.016 0.803 − 0.020 0.984
Dh 0.021 0.008 2.757 0.006
Anthropogenic noise Control (silence) Da − 0.044 0.918 − 0.048 0.962
Dh 0.010 0.009 1.138 0.255
Natural noise Control (silence) Da − 0.014 1.036 − 0.014 0.989
Dh − 0.033 0.010 − 3.270 0.001
Anthropogenic noise Natural noise Da − 0.060 1.117 − 0.054 0.957
Dh − 0.023 0.011 − 2.097 0.036
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this type of noise was found to decrease the number of prey 
eaten due to increased handling time. To our knowledge, no 
other studies have found natural noise to have detrimental 
effects on the predation rate of any organism, although other 
studies use “ambient” noise as the baseline to compare the 
effects against anthropogenic noise (e.g. Wale et al. 2013a, 
b), instead of comparing noise vs. no noise. While I. elegans 
is mostly found in lentic habitats such as ponds, the species 
is also abundant around running waters (Dijkstra and Lew-
ington 2006; Dow 2010). The greater prevalence in lentic 
habitats may explain why natural noise had a significant 
impact on the amount of prey eaten by larvae compared to 
the low noise treatment that may be representative of the 
preferred still water habitat.
Another plausible explanation as to why natural noise had 
a greater effect than anthropogenic noise on the functional 
response of I. elegans is due to the presence of nonlinearities 
in the audio cues used in the experiment. The power spectrum 
of the anthropogenic noise recorded showed high-amplitudes 
(maximum − 11.55  dB) only at low frequencies (maxi-
mum 3 KHz), and then the amplitude decreased drastically 
(− 54 dB) and became relatively stable at higher frequen-
cies. The stimuli used in the natural noise treatment, on the 
other hand, had lower amplitude levels (maximum − 51.1 dB) 
compared to the anthropogenic noise, but the amplitude lev-
els were highest at low frequencies (maximum 3 KHz) and 
then decreased gradually as the frequencies increased (see 
Fig. 2). This can be interpreted as natural noise having high 
amplitude levels at low frequencies with some degree of non-
linearity at different frequencies compared to anthropogenic 
noise. A wide range of invertebrates have adapted to detect 
particle motion at frequencies below 1 KHz (Morley et al. 
2014), and stimuli of higher frequencies have been shown 
to be less relevant in other animals such as fish (Popper and 
Fay 1993; Fay and Popper 2012). However, nonlinearities in 
acoustic phenomena have been shown to increase unpredict-
ability and result in a heightened behavioural response in 
meerkats (Townsend and Manser 2011; Karp et al. 2014), 
marmots (Blumstein and Récapet 2009), and red deers (Reby 
and Charlton 2012). An accessible example of the differ-
ence between a simple and nonlinear acoustic signal is in 
the vocalization of primates, ranging from “coo” calls (rela-
tively pure tones with minimal noise) through to nonlinear 
sounds such as “screams” (highly complex sounds produced 
with subharmonics and deterministic chaos; see Fig. 1 in 
Fitch et al. (2002) for an example). This is in accordance 
with the ‘unpredictability hypothesis’, which suggests that 
nonlinearities prevent habituation and may induce fear, since 
“unfamiliar” noises (i.e. nonlinearities) can be perceived as 
a threat, e.g. a predator (Blesdoe and Blumstein 2014; Karp 
et al. 2014). In this study, our recording of anthropogenic 
noise is more predictable than natural noise, despite hav-
ing high amplitude levels at low frequencies, thus it is more 
likely that the damselfly larvae become habituated to anthro-
pogenic noise, whereas nonlinearities in natural noise may be 
misconceived as a threat.
One can argue that natural noise can mask the vibra-
tions produced by the prey, particularly since in Calopteryx 
splendens—another zygopteran—the optimal stimulus is 
a sequence of stochastic, small-amplitude pressure waves 
resembling those produced by Daphnia (Vasserot 1957), 
which is similar to the nonlinear, low-amplitude pattern 
found in natural noise. However, this seems unlikely con-
sidering that masking the vibrations produced by prey 
would affect the attack rate rather than the handling time, 
as was found in the present study. According to Holling 
(1959), the handling time includes catching, processing, 
and digesting the prey. We speculate the impact of natural 
noise can occur on any of these phases through one of the 
following mechanisms: (a) natural noise distracts the pred-
ator and thus complicates the catchment and/or processing 
of prey, as has been found in European eels (Purser and 
Fig. 5  Estimates of the attack rates and the handling times in each 
treatment, comparing a control treatment (silence) against noise 
(grouping anthropogenic and natural noise treatments), and b con-
trol treatment (silence) against anthropogenic and natural noise treat-
ments. Letters represent significant difference. Error bars represent 
bootstrapped studentized 95% confidence intervals
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Radford 2011); (b) natural noise increases the movement of 
prey (frequency or distance of movement), therefore delay-
ing the catchment of prey; (c) natural noise induces stress 
via hormones, which may alter the predator’s metabolism 
and prolong the processing of food (Kight and Swaddle 
2011). Additionally, it is important to mention only one 
audio file of each stimuli was used per treatment, so it is 
impossible to separate the effects of the stimuli used from 
the noise types per se. However, more studies are needed 
to unveil the underlying mechanism driving this response.
The results from this study provide evidence that under-
water noise may impose a threat to the stability of trophic 
networks. I. elegans is known to feed on oligochaete worms, 
chironomids and other dipterans, coleopteran larvae, cope-
pods, daphniids, isopods, ostracods, ephemeropterans, 
and even other zygopterans (Thompson 1978a). Consider-
ing underwater noise reduces the maximum feeding rate, 
then it is within reason to expect declines in the strength of 
trophic link between damselflies and these prey taxa in noisy 
areas—which may or may not be associated with human 
activities. This has considerable impacts on population 
dynamics of the predator (I. elegans in this case) and prey, 
which may also have substantial implications on the manage-
ment and conservation of freshwater biodiversity (Chan and 
Blumstein 2011).
To our knowledge, this is the first study showing that 
other sources of noise, such as noises generated in com-
plex flowing water environments, may have even a higher 
impact on aquatic macroinvertebrates and can be a factor in 
determining the stability of trophic interactions. This study 
highlights the importance of studying the impact of not only 
anthropogenic noise, but also natural sources of noise.
To conclude, this study has effectively shown that under-
water noise can significantly alter predator–prey interac-
tions. However, anthropogenic noise may not necessarily 
have a negative impact on predator–prey interactions, but 
rather the characteristics of the type of noise itself. Addition-
ally, this is the first study to our knowledge that explores the 
role of noise in the functional response of an aquatic inver-
tebrate predator and compares natural and anthropogenic 
noise. However, further research is encouraged and needed 
to discover the underlying mechanisms of this response, and 
should focus on the characteristics of environmental noise 
within the context of prey capture to understand the effects 
on conservation of biodiversity.
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